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Objeedres. The reliability of two-dimensional echocardiography
for determining the proximal coronary artery anatomy in d-loop
transposition of the great arteries was investigated in 406 infants
who underwent surgical repair at one institution.
Background. The origin and proximal course of the maia
coronary arteries can affect the surgical results of the arterial
switch operation. Preoperative determination of the coronary
artery anatomy appears to he advantageous for the surgema.
Methods. All
infants with d-loop transposition who underwent
a two-dimensional echocardiogram and primary surgical repair at
our institution between 1987 and 1992 were identified, and the
echocardiographic, operative and, when available, autopsy reports
were reviewed for coronary artery anatomy, presence of a ventric-
ular septa) defect and the spatial relation between the arterial
roots. The two-dimensional echocardiographic findings were com-
pared with surgical or autopsy findings . The relation between
proximal coronary artery anatomy and 1) a ventricular s(rtal
defect, and 2) the spatial orientation of the arterial roots was
investigated . Twenty-seven infants diagnosed with an intramural
It has been possible to diagnose transposition of the great
arteries accurately and reliably by two-dimensional echocardi-
ography for many years (1-4) . Further, the ability of echocar-
diography to identify and characterize many associated abnor-
malities and anatomic features has been demonstrated (5-1 1).
Despite the enthusiasm for the arterial switch operation
(12-23) as a surgical treatment for d-loop transposition and the
importance of knowledge of the coronary artery anatomy to
the success of the switch operation (19,24), there are only
preliminary reports in a few patients of the reliability of
two-dimensional echocardiography for determining the coro-
nary artery anatomy. Because our initial experience using
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coronary artery were not included because they are the subjects of
another report .
Revrefts. Excluding intramural coronary artery patterns, 10
different types of coronary artery anatomy were seen in these 406
patients. The coronary arteries were imaged adequately in 387
(95%) of the 406 patients
. The coronary artery anatomy was
determined correctly by two-dimensional echocardiography in 369
(95.4%) of the 387 patients, with 18 errors in diagnosis . During
the most recent 2.5 years, 193 (98 .5%) of 196 patients were
diagnosed correctly, with three diagnostic errors
. Patients with a
ventricular septal defect or side-by-side great arteries are more
likely to have an unusual coronary pattern .
Coitehision& Echocardiography appears to be highly reliable
for determining proximal coronary artery anatomy in d-loop
transposition of the great arteries
. An unusual coronary artery
pattern is more likely in patients with side-by-side great arteries
or posterior aorta or a ventricular septal defect, or both .
(J Ain Coll Cordial 1994;24:763-8)
two-dimensional echocardiography to delineate coronary ar-
tery anatomy in d-loop transposition was very promising (25),
we have continued to use and evaluate this technique . Here we
report our results in >400 patients in whom surgical observa-
tion of the coronary artery anatomy was available for compar-
ison with the echocardiographic findings
.
Methods
Patients . All patients with d-loop transposition and a ven-
tricular d-loop (26) who underwent an echocardiographic
examination at this institution between January 1987 and June
1992 were identified by a search of the computerized cardiol-
ogy data base . Patients with situs solitus of viscera and atria,
two patent atrioventricular valves, two ventricles and two
patent semilunar valves were selected. Patients who had pre-
viously undergone a corrective heart operation were excluded .
From this larger group, all patients with subsequent surgical or
autopsy descriptions of the coronary artery anatomy were
selected for study
. Twenty-seven patients diagnosed with an
intramural coronary artery were not included in this study
because they are the subjects of anothcr report (27) .
1)735-1097/94/$7.00
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Table 1.
Distribution of the Spatial Relation of the Arterial Roots
by Presence or Absence of a Ventricular Septal Defect
Data presented are number (%) of patients .
Echocard phy. A complete echocardiographic exami-
nation was performed in each patient using a Hewlett-Packard
77020, Hewlett-Packard Sonos 1000 or 1500 or Acuson 128
cardiac imager equipped with a 7.5-, 5.0- or 3 .5-MHz trans-
ducer focused appropriately for body size . The diagnosis of
d-loop transposition was made using established criteria (4,6) .
The ventricular septum was examined in multiple views and
scanned using color flow mapping to detect a ventricular septal
defect (28-30) . The spatial relation between the arterial roots
was determined in a parasternal short-axis view (3). Coronary
artery anatomy was examined as described previously (25) .
Briefly, a modification of the parasternal short-axis view,
rotated clockwise for the left coronary artery and counter-
clockwise for the right coronary artery, was used to image the
ostia and the proximal segments of the main coronary arteries .
Figure 1 . Schematic diagram of the 10 patterns of proximal coronary
artery anatomy observed in our patients . The view is comparable to a
parasternal short-axis echocardiographic view . The arterial roots are
seen in cross section as if viewed from the apex of the heart . 1, Usual
coronary artery anatomy for d-loop transposition : The left coronary
artery from the left septa) sinus gives rise to the left anterior
descending; (LAD) and left circumflex (LCCA) coronary arteries, and
the right coronary artery (RCA) arises from the right septal sinus . 2,
The left circumflex coronary artery arises from the right coronary
artery, and a separate left anterior descending coronary artery arises
from the left septal sinus. 3, Same as 2, except that an accessory left
anterior descending coronary artery (ALAD) arises from the left
circumflex coronary artery . 4, Single right coronary artery originates
from the right septa) sinus, with a retropulmonary course for the left
main coronary artery. 5, Single right coronary artery arises from the
right septal sinus with an anterior course for the left main coronary
artery . 6, Single left main coronary artery arises from the left septal
sinus and originates from the anterior course of the right coronary
artery . 7, Single left main coronary artery wi!h anterior course of the
right coronary artery and origin of the left circumflex coronary artery
from the distal portion of the right coronary artery . 8, Inverted origins
of the coronary arteries : the left main coronary artery from the right
septal sinus with a retropulmonary course, and the right coronary
artery from the left septal sinus with anterior course . 9, Same as 8, with
the accessory left anterior descending coronary artery originating
from the left circumflex coronary artery. 10, The right coronary
artery from the left septal sinus gives rise to the left anterior
descending coronary artery, and the left circumflex coronary artery
originates from the right septa) sinus . The numbering system is
provided only as means for referencing the panels of Figure 1 and is
not intended to be a system of classification.
In some patients a parasternal long-axis view through the long
axis of the aortic root better displayed the origin of the right
coronary artery from the posterior septal sinus . A parasternal
long-axis view angled toward the left shoulder was used to display
the bifurcation of the left coronary artery and the proximal left
anterior descending artery . Abnormal vessels arising from the left
or anterior septal sinus were generally seen best in parasternal
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Arterial Relations
Intact
Septum
Ventricular
Septal
Defect p Value
Anterior, right aorta 184(81 .4%) 115(64.0%)
< 0.001
Anterior aorta 21(9.3%)
20(11 .1%) NS
Anterior, left aorta
9(4.0%) 6(3.3%) NS
Side-by-side arteries 12(5.3%)
36(20.0%) < 0.001
Posterior, right aorta 3(l .6%)
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Table 2. Distribution of Coronary Artery Patterns According to the
Spatial Relation Between the Arterial Roots
A = aorta directly anterior ; D = aorta anterior and rightward
; l . aorta
anterior and leftward : P - aorta posterior and rightward
; S - side-by-side
arteries.
views, and abnormal vessels arising from the right or posterior
septal sinuss were usually seen well in subxiphoid and apical views .
Data collection . The echocardiographic reports for all pa-
tients were reviewed to determine the presence of a ventricular
septa) defect, the spatial relation between the arterial roots and
the coronary artery anatomy. The prospective diagnosis of
coronary artery anatomy as described in the original echocar-
diographic report was used in this study for assessment of
accuracy. The echocardiograms were not reinterpreted for this
study.
The surgical reports and, when available, the autopsy
reports were reviewed for each patient to confirm the presence
or absence of a ventricular septal defect and the spatial rclation
between the arterial roots . The description of coronary artery
anatomy from the surgical or autopsy report was compared with
the echocardiographic description . Coronary artery anatomy was
described as previously reported (31) .
Statistics. Patients were stratified according to the relation
between the arterial roots and for presence or absence of a
ventricular septal defect . The incidences of coronary patterns
were compared among the groups, and the error rates were
compared between the first and second halves of the study
period using chi-square analysis with Yates correction . All tests
were two-tailed, and p :5 0.05 was considered significant .
Results
Patients . Four hundred six patients were identified who
met the selection criteria. The mean age of the patients at the
time of echocardiography was 79 days (range I day to 7 .5
years), and the mean weight was 4 .3 kg (range 1 .1 to 20 .6) . Two
hundred eighty patients were male (71%), and 126 were
female (29%) .
Anatomy. The ventricular septum was intact in 226 patients
(56%), and a ventricular septal defect was present in 180
Data presented are number ((;) of patients .
patients (44%) . The distribution of the spatial relation be-
tween the at terial roots, stratified for presence or absence of a
ventricular septal defect, is shown in Table 1 . An anterior and
right aorta was significantly more common among patients
with an intact ventricular septum, whereas side-by-side great
arteries were more common in patients with a ventricular
septal defect .
Ten distinct patterns of coronary artery anatomy were
observed in the 406 patients (Fig . 1). The distribution I coronary
artery pattern by spatial relation of the great arteries is shown in
Table 2 and by presence or absence of a ventricular septal defect
in Table 3 . Single coronary artery (Fig. 1, numbers 3 to 7) and
inverted origins of the coronary arteries (Fig. I, numbers 8 to 10)
were 5 to 20 times more common in patients with side-by-side
great arteries . All three patients with a posterior aorta (p-loop
transposition) had inverted origins of the coronary arteries (Fig .
I, numbers 8 and 10). Single right coronary artery (Fig. 1, number
4) and inverted origins of the coronary arteries (Fig. 1, number 8)
were two to four times more common in patients with a ventric-
ular septal defect .
Table 4. Correlation Between Echocardiographic Diagnosis of
Coronary Artery Anatomy and Surgical or Autopsy Findings,
or Both
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Table 3. Distribution of Coronary Artery Patterns Stratified for
Presence or Absence of a Ventricular Septa] Defect
Coronary
Artery
Pattern
(Fig. I)
Intact Septum
Ventricular
Septal
Defect
p Vahe
1 154(68
.1%) 100(55.6%)
0 .013
2
47 (20K, )
33(18.3%)
NS
3
3(1.3%)
2(1 .1%) NS
4 3(l .311,)
12(o .6%)
0 .010
5
1 (0.4%)
1 (0.5%)
NS
6
6 (2 .7%) 5 (2.8%)
NS
7 1 (m)
8
3 ( 1 .3%r )
12 MA, 0M0
9
I(O .41i)
10
8 (3 .5r,)
14 (7.7%)
NS
Coronary
Artery
Pattern
(Fig
. I)
Echocardiography
10 VitalI 2 3 4 5 h 7 9 9
1 236
4 241
2 6 72 1
79
3
1 4
4
I 12 I
14
5
I
2
6 I
8
7
1
8
14
14
9
1 1
10
1 !9 2 :
Coronary
Artery .
Pattern
(Fig . 1)
Arterial Relations
F"
Total
D A L S
1 204 36
11 3 254
2 64 4 12
80
3 3
5
4
15
5
2
6 4
2
II
7
4
2 15
9
W W
1 22
Total
,99
41 15 48 N
406
766
PASOUINI ET AL
CORONARY ECHOCARDIOGRAPHY
IN TGA
JACC Vol. 24, No. 3
September 1994
:76 . 3-8
F%=2. Examples of echocardiograms showing various coronary artery patterns . A, Single left main coronary artery (Fig. 1, type 6) seen in parasternal
short-axis (ldl prep and Ieftwardly angled long-axis (right panel) views . The right coronary artery (RCA), the first branch of the single coronary artery,
passes anterior to the aorta (Ao) to reach the right side of the heart . B, Single right coronary artery (Fig . l, type 4) with retropulmonary course of the
left main coronary artery seen in a subxiphoid long-axis view with the image plane just at the posterior edge of the aortic root . The long left main coronary
artery passes posteriorly to the pulmonary root and bifurcates into the left anterior descending (LAD) and left circumflex (LCCA) coronary arteries .
C, Single right coronary artery (Fig. 1, type 5) with the left main coronary artery (LCA) passing anterior to the aortic root. The left panel shows the origin
of the right coronary artery from the aortic root and the left main coronary artery arising from the right coronary artery and passing anteriorly to the right
of the aortic root. The right panel shows the long course of the left main coronary artery anterior to the aortic root and the bifurcation into the left
anterior descending and left circumflex coronary arteries to the left of the aortic root . D, Inverted origins of the coronary arteries for transposition (Fig.
1, type 8) but similar to the pattern usually seen in normally related great arteries. The left panel shows the origin of the left main coronary artery from
the posterior septa) sinus and its retropulmonary course . The right panel shows the origin of the right coronary artery from the anterior septal sinus and
its course anterior to the aortic root . E, Origin of the right coronary artery and left anterior descending coronary artery from the anterior septal sinus
and the left circumflex coronary artery from the posterior septa) sinus (Fig . 1, type 10) seen tr parasternal short-axis views. The left panel shows the right
coronary artery arising from the anterior septa) sinus, giving rise to the left anterior descending coronary artery. The right panel demonstrates the origin
of the left circumflex ceronary artery from the posterior septal sinus and the retropulmonary course of the left circumflex coronary artery . A = anterior,
All = anterior/inferior, L = left; PA = pulmonary artery; P/S = posterior/superior, R = right; other abbreviations as in Fig. 1 .
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Echocardiography. The coronary arteries could be imaged
by two-dimensional echocardiography in 387 (95%) of the 406
patients. In the remaining 19 patients the coronary arteries
were inadequately imaged to determine the anatomic pattern .
By the criteria described previously (25), the coronary artery
anatomy was determined correctly in 369 (95%) of the 387
patients in whom the coronary arteries were adequately visu-
alized (Table 4, Fig. 2). Fifteen of the 18 errors occurred in the
first 191 patients examined between January 1987 and August
1989. Only three errors occurred in the last 196 patients
examined between September 1989 and June 1992 (p = 0 .007) .
Discussion
Anatomy. Of the 28 variants of proximal coronary artery
anatomy in transposition that have been described (32--36), we
observed 10 distinct patterns in the 406 patients in this series .
We recently reported six patterns of intramural coronary artery
in 27 other patients described elsewhere (27). As reported
previously (37), there is some correlation between the spatial
orientation of the arterial roots and the proximal coronary
artery pattern . A single coronary artery or a form of inverted
origins of the coronary arteries was seen frequently in patients
with side-by-side great arteries or with a posterior aorta
(38,39). Similarly, a single right coronary artery or inverted
origins of the coronary arteries was more common among
patients with a ventricular septal defect .
Echocardiography. As indicated by our early experience
(25), echocardiography has become an extremely reliable
technique for delineating the proximal coronary artery anat-
omy in patients with transposition . Inability to image the
coronary arteries adequately in 19 patients was due to overly-
ing lung tissue or central location of the heart . Transthoracic
imaging of the coronary arteries appears to be possible in most
but not all infants with transposition .
Most of the diagnostic errors involved inability to correctly
recognize the origin of the left circumflex coronary artery . It is
our impression that better understanding of the coronary
artery anatomy and improvements in image quality over the
period of this investigation led to the improved accuracy . In
our previous report, the coronary artery anatomy was defined
correctly in 86% of patients. During the last half of the current
study period, the coronary artery anatomy was defined cor-
rectly in 98.5% of patients. All three recent errors involved
inability to distinguish a small conal branch from a major
coronary artery . It should be noted that intramural coronary
artery was excluded from this report. Our overall diagnostic
accuracy for intramural coronary artery during the study
period was 74% and 88% for the last 2.5 years of the study
(27) .
Aortic root angiography, even with recent modifications
(40,41), does not always adequately delineate coronary artery
anatomy, and selective coronary angiography may be difficult
to perform in neonates with d-loop transposition, even by a
venous approach (42) . Therefore, our current policy is to rely
on echocardiographic evaluation of the proximal coronary
PASOUtNI ET AL .
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artery anatomy except in rare cases where imaging is inade-
quate.
Study limitations. Some patients underwent catheteriza-
tion at the referring institution before echocardiography at this
hospital . In some cases the coronary pattern could be deter-
mined from the angiograms. However, the echocardiographer
was not usually aware of the angiographic findings when
performing the echocardiography. Furthermore, the error rate
for determining the coronary artery pattern from these angio-
grams was not available, so that even if the result had been
known to the echocardiographer it was unlikely to have
influenced the echocardiographic findings . Coronary echocar-
diography was always performed by a staff echocardiographer
with extensive experience in coronary imaging . Although the
coronary artery examination could usually be completed in
10 min, it sometimes added as much as 30 to 40 min to the
echocardiographic examination .
Conclusions . Echocardiography can provide high quality
images of the coronary arteries in >95% of infants with d-loop
transposition. The current diagnostic accuracy is >98% in our
experience, excluding intramural coronary artery (current ac-
curacy 88% 1271) . Unusual coronary artery patterns are more
common in patients with side-by-side great arteries or poste-
rior aorta and in those with a ventricular septal defect .
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